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Business and Activity Section


(a) Generated Commitments – 

The team prepared the nano-modified coating samples and conducted electrochemical impedance spectroscopy (EIS) test.

The team set up the accelerated corrosion test environment for durability test.

The team held a meeting with the Industry Partner (PSEG) and the Rutgers students had a field visit to Liberty Coating Company, LLC.


(b) Status Update of Past Quarter Activities - 

Task 1: Development of nano-modified inorganic coating

Since there are few data available for the nano-modification of inorganic coating in the literature, the team decided to first conduct the screening test with different nano-materials in order to identify the most promising modifier for further study. The undergraduate student (Gabby Stern) at Rutgers University is continuing working on the literature review to help fine-tune the research plan.

The coating samples were prepared with different nano-additives, including titanium oxide, iron oxide, zinc oxide, nano clay. The nano-particles were ultrasound in the water for four hours before mixing with the coating matrix. The coating is prepared by mixing the liquid component, powder, and water that is dispersed with nano-particles to a plastic consistency. After that, coating was applied on steel coupon with a foam brush, as shown in Figure 1. The coating was applied in three layers after the proper curing (24-48 hours) was achieved for each layer. Both the graduate student (David Caronia) at Rutgers University and the undergraduate student (Peng Lei) at Montana State University are working on this task.


[image: ]
Figure 1 Steel coupon and nano-modified coating


Task 2: Corrosion testing of coating

Electrochemical measurements were conducted using Electrochemical Impedance Spectroscopy (EIS) testing following the specification of ASTM G3-14 Conventions Applicable to Electrochemical Measurements, as shown in Figure 2. This technique involves applying a small amplitude alternating current signal into a body of material over a wide range of frequencies and measuring the responding current and its phase angle shift.

EIS measurements were conducted using a three-electrode system, as shown in Figure 2. The coated steel coupon served as the working electrode, while the counter electrode and the reference electrode used were a platinum grid and a saturated calomel electrode (SCE) respectively. The corrosive solutions tested included 0.3 wt. % aqueous NaCl solutions. The EIS measurements were carried out using a Gamry Reference 600, which is a high-performance, research-grade potentiostat/galvanostat/ZRA designed for fast, low-current measurements. The steel was polarized at ±10 mV around its open circuit potential (OCP) by an alternating current (AC) signal with its frequency ranging from 300 kHz to 5 mHz (10 points per decade).
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Figure 2 EIS testing with coated sample

EIS testing was conducted to evaluate the corrosion resistance of prepared samples. The EIS testing results were shown in Figure 3, respectively, in Nyquist and Bode curves. In general, the preliminary results showed that the incorporation of nanoparticles increased the corrosion resistance of the inorganic coatings at different degrees. The effectiveness of nano-modification will be further investigated after immersion of samples for different time periods. Quantitative analysis will be conducted using the equivalent electrical circuit, which use appropriate models to evaluate the mechanism of corrosion occurring at the interface between the steel substrate and the coating. 
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Figure 3 (a) Nyquist and (b) Bode curves of nano-modified coatings

The EIS provides an attractive way in terms of allowing rapid determination of corrosion rate and revealing information pertinent to the corrosion mechanism. It is a good approach to compare the relative performance of different coatings. It is noted that electrochemical techniques generally give information on the instantaneous corrosion rate and may not predict the long-term corrosion behavior in the field environment. 

The undergraduate student (Peng Lei) at Montana State University is working on this task.

Task 3: Durability and adhesive strength testing of coating

An accelerate corrosion testing environment is set up for study of coating durability. It is composed of salt water spray, ultraviolet light, and freezer (not shown here), Figure 3. The team is in the process of developing an accelerated corrosion testing procedure based on the following reference document:
· ACE TM 0169/ASTM G31 - Standard Guide for Laboratory Immersion Corrosion Testing of Metals
· ASTM B117 - Operating Salt Spray (Fog) Apparatus
· ASTM G85 - Standard Practice for Modified Salt Spray (Fog) Testing
· ASTM D1654 - Evaluation of Painted or Coated Specimens Subjected to Corrosive Environments
· FHWA report - A Comparison of Accelerated Tests for Steel Bridge Coatings in Marine Environments
· FHWA report – FHWA 100-Year Coating Study

It is believed that the accelerate corrosion testing environment can better simulate the field condition than the pure dry/wet testing cycle by submerging the specimen into salt water. The graduate student (Milad Salemi) at Rutgers University is working on this task.
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Figure 5 Accelerated corrosion test chamber

Task 4: Strength testing of fiber-reinforced coating composite

N/A

Task 5: Analytical study of pipeline strengthening system

N/A

Task 6: Guidelines of coating application

N/A

Task 7: Final report

N/A

(c) Description of any Problems/Challenges – 

N/A

(d) Planned Activities for the Next Quarter – 

Task 1:
· Continue preparing samples with different nano-additives, dispersion methods, and thicknesses

Task 2:
· Continue EIS test on coated samples at different immersion periods
· Analyze EIS testing results using equivalent electrical circuit

Task 3
· Develop an accelerated corrosion testing procedure for durability study of coated steel plates
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